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AUTOMATION  OR  CALCNLATTOKI  ANO  THE 
DBVBLOPKBMT  OB  CONRUTBR  BNaiNBBRZNa 

*  USSR  •> 


r  RollowinB  i«  *  traaslatloB  of  *n  artiel* 

»y  M.  A*  X«rtii«Vt  Candidat*  of  TooMieal 

Soioneoa,  in  th«  Ruisioaolaaguot*  pariodieal 

Yoataik  Alcadoiiiill  Malik  SSSR  .iHarald  of  tba  i 

Aeadany  of  Solaneaa  USSR),  No  IX «  Moaeotri 
Nov  pas**  64  » 


•Elcotroaio  disital  aaeblaaa  art  primarily  atilisad 
today  for  oaleolatiaf  atrietly  eoaputational  work»aad 
only  in  comparativaly  siapla  eaaaa  ara  tbay  aaployad  in 
automatic  oontrol  ayataiaa*  Nbatavar  may  bo  aaid  about 
•alf-taaohinf ,  aalf-adjuatias  and  aalf-orfauiains  ayatama, 
ate*  balons*  at  baat  in  tba  raaXm  of  puro  theory* 
Navarthalaaa,  a  donaidarabla  amount  of  wbat  ia 
required  to  produce  auoh  ayatama  already  exiata  within 
, general  outlinea,  and  it  i*  now  time  to  undertake  the 
firet  practical  atepa  in  tbia  direction* 

tfe  aurmiae  that  it  would  be  adviaabla  to  conatruet 
aueh  a  ayatem  for  caleulatins  ae  our  firet  atep*  Computer 
engineerins  ia  an  eapeoially  ideal  experimental  field  for 
improving  digital  devicea  primarily  due  to  the  diveraity 
and  oomparatiyely  thorough  inyaetigation  of  Ijorlthma* 
The  need  for  a  atrietly  oOmputational  '  $hnology 
■imultaneoualy  demaada  furthar  automation  '  f^aleulation* 
The  fact  of  the  matter  ia  that  a  modOv  :ialeulatioa 

canter  equipped  with  juat  a  aingle  heavy  electronic 

computer  generally  requirea  a  ataff  of  50  or  even  100 
people  to  provide  ita  continuoua  uae  for  mathematieal  amd 
technical  purpoaea*  The  eatabliahment  of  auoh  centera 
waa  juatified  in  the  paat  when  machinea  were  aoaroe  and  I 
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and  it  ffa.s  neceaaary  to  nae  any  means  to  carry  out 
specific  c-alcuiations ,  tiuch  a  method  is  evidently 
inadmissible  in  the  future,  however,  espec3.ally  because 
futisrc!  production;  of  computers  would  divert  for  the 
application  of  the^c  macuines  the  very  specialists  who 
mirtht  engage  in.  new  research  and  developments  in  digital 
engineering » 

T,hi.<5  .is  the  reixson  for  the  urgent  need  of  fwther 
av.< tosiia.tion  of  calculation  and  progress  in  establishing 
computation  centei-a  founded  on  subvstantiaily  new  , 
i.''.i.nc..ip.lea ,  it  is  precisely  the  compvttation  center  of 
f'ut'are  the  aiAtomated  computation  center  »-  which 
''.ill  bti  the  first  p.ractic&l  .re,.al;i.2iati  on  of  a  self-* 
o.rgan  i  X 'i.ng  ,  seif- teaching  and  self-adjusting  systam* 

-■■'ho  possible  struotur©  and  organization  of  sue-h  a 
center  is  exArained. -in  . general  outline  below* 

It  appears  to  us  that  an- autbma t io  ealcuiatadn 
center'  will'  cons'ist  ■  of '  ss  verai  icc-rnputers"  of  ■  a' single  ‘■•■'-■■v 

series  interconnected  by  a  co(ttmutat.ion  system*  It  la 
not  mandatory. that  aiJ  of  these  machines  be  completely 
identical.  They  may  differ  in  operation  speed",  in  the 
number  of  inputs,  tun  siz.e  of  the  memory  ijnit  and 
possibly  even  in  the.  number  of  digits,  flowsheets  and 
dii'ferent  parameters,  ‘vhen  \ic  say  that  the  machines 
sUouid  'be.lan,g  to  a  single  series..,  we  uncie.rstand’  an  iden¬ 
tity  Oi.  d.i'.  ta  input  raet.Uods,  of  the  basic  structure  of  the 
rftaciii.ue  language  and  the  parameters  of  input  and  output 
s;i.gnals, 

it  is  cJesirab'ie  that  all  the  eojuipment  .in  the  calcula¬ 
tion  c«>.(.l:er  be  (U.!p.i..rca  ced  t;o  stxov  t. eot ,  that  the  opera 
tiors.v.  performed  hy  some  machine  or  installation  be  xJ®t'foritt- 
able  oy  another  installation  or  machine  as  we.l'i.  The  very 
A  a  mo  task.s  could  therefore  be  solved  at  least  by  diffesrent 
rinac|iine.s  using  divergent  methods,  possibly  at  dif. Cerent 
times  and  e'/exi  with  varying  degrees  o.f  accuracy.  But  some¬ 
how  the  poss3.foility  suouid  be  provided  o.f  getting  along 
••v;i  lijout  a  certain  part  of  the  equipment. 

The  owing  problems,  might  be  solved  by  se  tting 

,jp  au  i;  .-mat  :i,c  cfc'Jiters  tuaximuns  automation,  of  prograiK- 

Rixng,  automatic  distr i'bution  of  problems  among  the 
machines  an  in  time,  tue  organisation  of  simultaneous 
wo,rH  wituin  3..5veral  macaines,  when  solving  especially 
co.mp.iox  problems,  'automatic  diatr ibuti on  of  equipment 
.';mong  the  machines  {outside  devices,  operative  memory 
banks,  etc-,),  j»a x..i mxnn  automatio.u  of  equip. ;ent  maintenance 
c<,>ni,ro.i  e,.tid.  .itivomatic  follow-up  and  recording  of  the  ' 
woi’k  perforsiied  by  th©  calculation  center. 


rh«S(»  itimctionei  trill  naiiAljr  r««t  trithlii  of 
th«  iiui3tohi.nas  which  will  bocomo  th«  wat.ar  oomputor* 

yitt  will  firat  exoteih#  tho  posalblei  ordor  of  infor* 
motion  input  &t  the  calculation  contoi:^*. 

All  prabloms  turnod  6v4t*  id  tho  Calculation 
contcr  for  proc«s»'lng  ar*  firat  fad  into  thaiiM.tie^  machlna* 
Information  about  thoato  problama  can  ba  racordadji  for 
exampld,  on  a  magnetic  tapa  which  ia  thaw  put  into  tha 
outs<id®  systam  of  tha  maekina*  Tha  tapa  will  not  contain 
information  about  a  aingla  regular  problan,  but  about 
an  entire  group  of  problamat  or  lat  ua  any^  about  all 
th©  problama  raceivad  by  toa  canter  at  any  particular 
hour«  Conaaquantly i  prepared  problama  will  not  be 
f^d  in  according  to  how  free  tha  equipment  la*  aa  la 
now  donOf  but  rather  in  proportion  to  the  inflow  of 
probXeina  » 

Information  on  aach  problam  muat  conaiat  of  two 
parta  tha  material  portion  where  the  formulation  of 
tha  problem  ie  transtcribadf  and  the  operational  portion 
containing  an  ordinal  number,  information  on  the  priority 
of  the  taak  or  the  importance  of  controlling  the  reaulta, 
add  on  whether  the  given  problem  is  a  one-ahot  operation 
or  repetition  ia  anticipated  in  the  future,,  etc* 

The  material  part  of  the  information  on  a  certain 
problem  can  be  programttied  in  a  ganaral  form  (in  lattera)* 
Instead  of  thia^  however,  either  an  algorithm  of  the 
problem's  solution  cap  ba  tranacribad  in  oparational 
form  (whioJo  la  for  the  moat  part  tha  initial  information 
for  tnodarn  programming) ,  or  or  even  still  shorter  formula** 
tion  of  the  problem  in  aymbole  approaching  the  commonly 
accepted  mathematical  symbol a* 

Ail Uaee methods  of  tranacription  will  probably  ba 
o.aed  for  tha  real  problem  in  its  various  parts* 

It  is  ftsaumad  that  automation  of  programming  at 
the  automatic,  computation  center  will  be  realiz.ed  on  a 
substantially  lar'gar  scale  t«an  is  currently  being  dona 
with  routine  programming*. 

Work  on  automatic  programming  being  done  at  the 
present  time  haa  been  encouxitariag  two  large-scale  dif¬ 
ficulties.  First,  programming  has  to  be  aet  up  ao  that 
a  parti.eular  computer  acheduies  ita  own  program  in  accor- 
ciancs  with  it*  It  would  be  more  cenvenient  however  to 
program  for  any  asachine  by  means  of  another  larger  maohlns. 
The  second  difficulty  i»  associated  with  'fha  fact  that 
the  distribution  of  machine  typo#  today  does  not  lend 
itself  to  automatic  programming *  Those  were  constructed 
■with  iBa.nuA.'l  programming  ia  mind. 

Both  difficulties  may  bo  surmounted  by  establishing 
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tbi«  automatic  computation  coiitor^i  Providod  tl»0  maator  . 
coai{mt«r  which  ±b  hasiealXy .  usod -  ^'of  programming  doo* 
hot  differ  in  typ®  from -tha,, other  .maofeinas  present,  it 
oati  taka  in  a  part  of  ths  hardvrars/  of  the  other  machines 
C operational  memory  unita,  ma'gnstic  tape, -etc*)  or  even 
feed  these  machines  on  the  whols  csrtain  bits  to  make 
up  the  program* 

A  brief  formulation  of  a  certain  part  of  the 
prcbISM  given  in  symbols  can  bs  used  if  algorithms  of 
tho  solution  have  already  been  worked  out  for  this 
part  of  the  problem*  These  algorithms  in  nearly  coW'* 
pl«ite  form  should  be  Introduced  earlier  into  one  of 
the  outside  memory  unita  of  the  master  machine  where 
they  are  constant]!/  kept  in  operational  form  Hhs  stcragsai^ 
of  standard  algorithms)*  In  some  instances  the  hold  unit 
can  store  certain  algorithmic  variants,  e.g*  to  solvs 
ayatsms  of  algebraic  aquations,  systsms  of  ordinary 
differential  equations,  etc*  Each  variant  should  thsn 
be  accompanied  by  additional  infortaation  on  its  limits 
of  applicability,  on  ths  depsndencies  which  ars  as  it 
were  necessary  for  realising  a  number  of  memory  nests 
and  operation*  from  the  stories  of  thSi  system  of  equations 
or  perhaps  from  the  relation  of  ths  coefficients,  etc. 

One®  the  Information  is  received  ou  a  particular 
part  of  the  problem  in  brief  mathematioal  form,  the  mester 
should  first  select  the  appropriate  algorithms  from  its 
etorage  unit  end  evaluate  the  amount  of  equipmsnt  and  time 
required  to  carry  them  out*  Inforaatlon  on  certain  possible 
variant®  in  th®  aslsction  of  algorithms  may  then  parhops 
manage  to  be  stored  for  some  time  in  the  operative  memory 
of  th®  laaster  machine*  In  selecting  the  algorithHi.3  later 
on,  concrete  information  will  have  to  be  introduced,  such 
as  on  the  order  of  the  system  of  equations,  ths  nujabar  of 
intej'actioa  cycles,  etc.  Th©  point  of  this  work  in 

its  being  performed  after. final  'selection  of  a  single 
specific  aigorithts. 

Consequently ,  the  case,  of  initial  information 
entering  a®  brief  mathematical  formulation  will  in  the 
final  analysis  b«  r®duc@d  to  its  being  immsdlatsly 
received  as  a  finished  aigorithai.  Tho  initial  information 
must  be  processed  directly  in  this  form  for  parts  of  the 
program  lacking  stored  algorithms.  The  initial  informa- 
tioc  can  to©  tramsmitted  in  this  form  if  it  is  supposed  . 
that  standard  algorithuis  are  not  suitable  for  the  given 
concrete  caae* 

Finally,  it  iaakes  «en*e  to  introducs  the  input 
information  as  a  complete  program  {in  letters)'  whenever 
1  th® 


human  operator  preparing  the  problem . thinks  that  it 


Li 


4 


^  will  be  almpler  for  hiiH  to  u)^  the  program  Of  any  n 
part  of  the  operation  with  eOmpiix  logic  than  to 
explain  to  the  machine  how  to  4o  it*  The  machine  will 
equally  convert  from  operative  tranecription  of  the 
algorithms  tp  this  form  of  recording  information *  using 
stored  standard  subprograms  and  scheduled  programs  in 
the  modern  sense*  But  once  again  saveral  vafiationa 
become  possible  (eug*  upon  selecting  standh^t'd  subprog¬ 
rams  from  storage)  (» 

Before  finally  specifying  the  algorithms*  making 
final  selection  of  the  standard  subprograms ,  converting 
from  letter  coding  of  the  program  into  numerical  code 
and  feeding  the  finished  program  to  the  other  machine 
which  will  Implement  it*  the  master  computer  will  still 
have  to  perform  an  important  part  of  the  operation* 

This  consists  in  an  overall  evaluation  of  the  compiexity 
of  the  problem  for  the  various  possible  variations  in  its 
solution*  in  comparing  them  with  the  operational  part  of 
the  information  on  a  given  task  and  with  analogical  data 
on  different  tasks*  as  wall  as  irith  information  on  the 
condition  of  the  equipment  in  the  computaticn  center 
(its  load*  performance,  etc.)*  This  will  yield  the  final 
data  which  we  will  discuss  somewhat  later*  Based  on  these 
comparisons  using  a  number  of  criteria  it  is  decided  when, 
on  what  machines  and  in  what  condition  of  the  equipment 
the  problems  at  hand  are  to  be  solved*  as  well  as  which 
of  the  possible  variations  in  the  assortment  of  algorithms 
and  standard  subprograms  shall  be  adopted  for  each  of  the 
problems  and  how  the  control  for  each  operation  will  be 
organized*  Such  a  solution  should  on  the  one  hand  provide 
a  fair  sequence  of  priority  (considering  time  of  receipt 
and  priority  of  the  assignment)  and  on  the  other*  the 
highest  productivity  of  the  computation  center.  Th'-t  latter 
implies  that  at  the  outset  of  the  solution  of  any  prob,l4'm 
it  is  necessary  to  complete  the  programming  for  it* 
free  ell  required  equipment,  prepare  the  commutation 
circtiits,  etd.  The  idle  time  of  the  particular  devices 
should  be  minimal  during  this  period,  and  the  algorithms 
selected  to  solve  the  problems  should  correspond  in  the 
best  manner  with  the  equipment  personnel* 

Situations  may  arise  where  the  optimum  algorithms 
for  some  problem  or  other  differ  under  various  conditions. 
For  example,  if  problems  come  in  at  the  same  time  as  the 
solution  of  a  given  problem  on  other  machines  where  a 
large-size  memory  is  not  required,  algorithms  can 
be  chosen  which  provide  top  speed  while  needing  a  large 
amount  of  memory  units.  In  other  cases  it  is  possible 


that  there  will  be  no  point  in  waiting  for  the  additional 
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memory  blocks  fco  become  free.,  but  better  to  ablva  the 
problem  by  a  more  delibere^e  method* 

The  relation  between  the  hardware  in  good  working 
order  and  that  in  repair  exerts  a  substantial  influence 
on  these  decisions*  It  is  essential  to  always  be  able 
to  forecast  the  working  condition,  of  the  equipment  and 
to  have  spares  at  hand*  It  is  best  not.  to  keep  special¬ 
ly  stored  hardware  in  reserve  (which  would  actually  be 
poorly  used) ,  but  instead  reserve  variations  used  in  the 
operational  sequence,  methods  of  organlaiing  the  control 
of  calculations,  etc* 

Hence,  the  computation  center  will  be  a  complex 
self-^ad justing  system  in  which  the  selection  of  the 
operational  algorithms  will  be  determined  on- the  basis 
of  the  conditions  that  are  conducive  to  maximum  produc¬ 
tivity,  considering  both  the  extei'nal  factors  (existent 
at  the  time  of  the  operation)  and  the  internal  condition 
of  the  system. 

The  criteria  according  to  which  the  algorithms 
are  selected  may  be  adopted  earlier,  but  must  be  further 
apacifled  during  the  operation*  Specification  primarily 
requires  numerical  characteristics  of  different  algorithms 
such  as  the  time  required  for  calculation  with  the  given 
algorithm,  the  time  the  particular  hardware  will  be  in 
use,  etc.  Certain  elements  of  self-instruction  are  con¬ 
tained  in  the  introduction  of  a  precise  kind  of  specifi¬ 
cation. 

It  la  howe^-er  possible  that  the  self-teaching 
process  will  succeed  in  being  widely  used*  It  is  easy 
to  imagine,  for  instance,  that  with  the  transition  from 
operative  transcription  of  algoritams  to  general  program¬ 
ming  the  master  comput^^r  will  simultaneously  odnsider 
how  often  the  particular  combinations  of  aperators  occur* 
Portions  of  the  program  corresponding  to  the  most  fre¬ 
quently  encountered  combinations  can  then  be  put  into 
the  standard  subprogram  storage* 

By  proposing  se-veral  alternates  each  time  for  any 
operator  or  comb.tnation  of  operators  which  may  be  sub¬ 
stituted  by  standard  storage  subprograms,  it  might  be 
possible  to  analyse  at  the  same  time  those  situations 
in  which  each  of  the  alternate  variations  is  at  its  best. 
The  data  may  be  later  utiliased  for  immediate  selection 
of  the  optimum  variation* 

A  similar  self-teaching  process  can  also  be 
provided  during  the  stage  where  initial  Information  is 
converted  from  the  transcription  made  as  a  brief  mathe¬ 
matical  formulation  to  tue  operational  writing  of  the 
algori thm* 
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Tha  self  ••instruction  program  could  posai1$ly  be  amplifier. 
New  divisions,  could  be  added  after  the  previcua 
have  been  adapted  and  reinforced «  i«e,  when  ihe  Master 

machine-  .h&«  auff lcA,eat  tiai'S  re*^*^’^*-**  undertake,  further 
« elf -instruct ion « 

It  is  important  to  nota  that  the  computation  center 
will  not  only  be  solf-edjueting  and  self-teaching  but  a 
self-organising  system  as  wall*  Thia  ia  dua  to  its 
optimum  algorithms  hot  only  varying  in  relation  to  exter¬ 
na  1  oircumatances  -and  intrinsic  condition  of  tha  aystemt 
but  its  internal  structure  structure  also  being  modified, 
i<>e«  the  particular  hardware  belongiifg  to  definite 
machines,  the  commutation  circuits,  etc. 

One  should  particulag>ly  dwell  on  how  the  control 
of  eqiiipment  functioning,  its  cleaning  and  repairs  can  be 
accomplished  when  the  automatic  computation  center  is 
established* 

In  modern  computation  machines  the  basic  methods 
of  operational  control  are  the  autonomous  apparatus 
controls  of  the  individual  devices  (for  instance ,  parity 
control  for  memory  device®,  modulo  5  or  7  control  for 
arithmetic  devices,  etc«)«  and  doubls  checking  th^  opera¬ 
tions  made  according  to  a  single  program  although  at 
different  times* 

At  the  automatic  computation  canter  a  recl^'rocal 
control  of  the  machines  should  take  the  place  of  the 
double  check.  This  method  is,  in  the  first  place,  more 
reliable  than  th©  double  check,  since  the  probability 
of  eingular  errors  arising  on  two  different  machine®  is 
obviously  considerably  lower  than  the  probability  of 
the  repetition  of  the  very  same  error  during  th®  comple¬ 
tion  of  identical  operatioj;i®an  a  single  machine*  In,  the 
second  place,  It  is  favored  by  the  controlling  machine 
being  able  in  principle  to  be  included  in  the  operation 
and  excluded  from  it  at  any  stage  in  the  computation. 

If  the  controlling  machine  is  on  all  the  time,  the  devia¬ 
tion  signal  can  be  received  immr^diately  following  th@ 
deviation  and  not  after  receiving  the  final  results  (as 
occurs  with  the  double  check)*  Finally,  the  different 
results  obtained  by  the  doubis  check  merely  indicates 
'the  occurrence  of  errors,  without  in  general  making  it 
possible  to  determine  which  of  the  two  results  Is  the 
correct  one*  Test  runs  could  be  made  on  both  machines 
used  in  reciprocal  control  right  after  the  divar,g»at 
results  are  recalvod*  The  machine  correctly  solving  the 
test  problem  most  probably  yielded  the  true  reaiilt  in 
the  initial  operation*  A  third  machine  could  be  'brought 
in  as  an  umpire  as  another  alternative* 


T«8>t  programs  should  bo  squceKod  into  the  intor-  ‘ 
vals  botweon  calculation  of  tho  basic  problems  not 
only  when  malfunctions  arise »  but  also  vrith  circuit 
checks  after  s-peeific  intervjftls  of  time*.  Autoaa.tic 
checking  will  be  particularly  effective  if  a  programmed 
change  in  tho  feed  voltage  i.s  provided  to  the,  indivl* 
dual  devices (  as  well  as  possible  automatic  measurement 
of  the  feed  voltages  and  their  rated  Input  to  the 
operational  memory  of  the  master  machine  through  the 
veltag©  to  digit  Converter.  Together  with  this  program- 
,1  vi  jcriaticns  in  the  cadence  frequency*  simulated  out- 
aide  interf'erence ,  etc.  are  possib,l««  '  Applying  the 
reciprocal  control  method  makes  it  possible  to  accurate¬ 
ly  pinpoint  unde.r  what  conditions  and  in  which  operations 
the  particula.r  device  falls  out  of  alignment*  It  is 
possible  that  special  control  programming  can  permit  the 
place  where  a  break-down  arises  (unit,  block,  etc*)  to 
be  located  with  more  or  less  accuracy* 

On  the  baais  of  the  checking  procedures  and  data 
on  failures  in  the  operating  condition  the  master  machine 
can  decide  on  sending  the  particular  devices  out  for 
repair.  Upon  having  made  this  decision,  tho  master 
stops  loading  the  equipment  needing  repair,  with  any 
operations,  and  sends  oat  information  through  its  output 
about  wMch  device  and  why  it  has  been  put  to  repair* 

Such  information  should  contain  the  most  ample  descrip¬ 
tion  possible  about  the  faults  that  were  detected. 

Erro-t”  control  i*i  the  master  co.®puter  itself  is 
constructed  on  the  same  principles*  When  deviations  are 
d.iscover«d  even  in  the  most  difficult  combinations  of 
deviations  in  feed  voltage,  the  master  machine  should 
either  shift  a  part  of  its  devices  to  others  or  switch 
it.s  functions  over  to  another  machine*  After  some  time 
it  may  one®  again  be  used  as  a.  regular  machine.  But  the 
roia  of  master  is  too  responsible  for  it. 

Besides  information  on  equipment  put  into  repair, 
thes  output  .instailation  of  the  master  computer  should  also 
cor tinuou,gly  supply  information,  on  the  pi-oblems  being 
cii.lculated  at  a  given  time,  when  the  solution  of  other 
oulstasding  operations  is  supposed  to  begin,  and  on  tho 
condition,  of  the  equipment  at  the  calculation  center  (e»g. 
at  w-hat  limit.3  in  the  variation  of  feed  voltage  the 
effic,iency  of  individual  devices  is  maintained,  etc*)* 

It  is  possible  In  certain  cases  that  the  master  computer 
will  be  required  to  report  the  methods  of  solution  which 
have  been  chosen  for  specific  operations  (algorithms, 
5ubp.ro , grams )  V  bow  the  control  haa  beenset  up,  etio* 
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Tho  eataibliAhffisni  ot  bB  Aut«int«tle  caleulation 
eoBtar  ia  a  larg#  and  oossplasc  tdAk*  Pri>hi«aiB  both 
largo  and  small  irill  havo  to  b<t  solvod  ahd  itahy 
a«sriOtts  dlffie-ultloa  asrareoBi*-*  Tha  aolution  ot  a.u:oh 
a  jttrobldm  domanda  tho  lons»iom  |  IntOBSivo  and'  pitT'pOBO- 
fni  labor  of  a  largo  group  of  onglnoorOy  prograaMoro  t 
maihomatlciana  and  workors  In  difforont  apoeiallzotiono* 
Howo-rort  thoro  aro  no  obotaololi  In  prlnciplo  to  tho 
solution  of  this  probleio*  Its  practical  and  tboorotleal 
>^lgnif ioanco  ia  unquoationod* 
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